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Introduction

During the past year, substantial progress has been made under our grant to study

skin sea surface temperature (SST). Our work falls into two primary areas. The first

involves the analysis of skin SST measurements collected in previous years aboard the

R/Vs Malcolm Baldrige and John V. Vickers. This analysis includes the study of the bulk-

skin temperature difference and its relationship to the air-sea heat flux. The second area

involves the mapping of SST in the TOGA COARE domain. This report will detail the

progress that has been made and the planned research for the following year.

In Situ Observations of Skin SST

Our study of skin SST has focused on three different data sets, two of which were

collected under this grant. The first data set and the only one not collected under this grant

was taken aboard the German F/S Meteor in 1984. Analysis of this data set was presented

by Schluessel et al. (1990). We have used this data set to test some new ideas and as a

source of comparison for the data we have collected. The second data set was collected in

1990 in the central and southern Pacific Ocean aboard the NOAA Ship Malcolm Baldrige.

The final data set was collected in March of 1993 aboard the R/V John V. Vickers during

CEPEX in the equatorial Pacific.

During the past year, we were finally able to process the Malcolm Baldrige data to

the point that we will be able to do some useful analyses. The original problem with the

data was that the electronics used in measuring the temperature in our reference bucket were

subject to severe drift when heated by the sun. Without accurate reference temperatures for

calibrating our radiometer, we could not obtain any valid skin temperature measurements.

Through careful analysis of the instrumentation after return and use of air temperature data

during the second leg of the cruise, we have applied a correction for the drift caused by

heating and created a skin SST time series for the second leg. During the first leg we did

not have the extra measurements from our system necessary for this correction.

The skin SST record appears to be good despite the difficulties in generating it.

Tile skin SST values show excellent correlation with the bulk values and only a small

offset. A sample of the bulk and skin SST time series for one day of the cruise is shown in

Figure 1. The solid line represents the skin temperatures and the dotted line represents the

bulk temperatures. These observations are consistent with our current understanding of the

bulk-skin temperature difference (AT). With reasonable skin SST values, we are now
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readyto beginouranalysisof thedata.This taskshouldbecompletedin thefollowing

year.
In Marchof lastyear,wecollectedanotherskintemperaturedataset.This datawas

collectedaboardtheR/V JohnV. Vickersin thetropicalPacificaspartof CEPEX. The

processingof thisdatahasproceededmuchmorerapidlyandisalreadynearlycomplete.

In thisexperiment,theskintemperaturedatawascollectedwith thenewOphirmulti-band

infraredsea-truthradiometriccalibrator(MISTRC). Thisradiometerpossessestwo

detectorsandmultiplefilters whichprovidemeasurementsof theoceansurfaceat 3.7,4.0,
10.8,and11.8lma. In additionto theunpolarizedmeasurementsat3.7and4.0pan,we

alsohavemeasurementsatthesefrequencieswith wire gridpolarizerswhichblocked

incidentlight with horizontalpolarization.

Usingawell-mixedreferencebucketof seawaterat aknowntemperature,wehave

calibratedtheskintemperaturemeasurementsineachspectralbandusingtheprocedure

describedby Schluesselet al. (1990). Timeseriesfor eachchannelhavebeencreatedand

comparedwith eachotheranda timeseriesof thebulk temperaturetocheckthequalityof

thedata.Thedatagenerallylooksgood,althoughthemultiplechannelmeasurementshave

allowedustodetectsomepotentialproblemswith thebucketcalibrationsystemthatcould

notbedetectedwith asinglechannelradiometer.Themid-rangeinfraredmeasurements

havevery low noiselevelsandthepolarizedmeasurementsof thereferencebucketmatch

verywell with themeasuredtemperature.Thepolarizersappearto havesucceededin

suppressingmostof theeffectsof reflectedsunlightwhichposeamajorproblematthese

shorterwavelengths.Thereis still a slightwarming(~0.1°C)of thepolarized
measurementsrelativeto thebucketduringtheday,but theproblemismuchlesssevere
thanwith theunpolarizedchannels.The 10.8and11.8_.mmeasurementsdonotsuffer

from problemswith reflectedsolarradiationbut theyaresubjectto amuchhighernoise
level.

Thebiggestproblemthathasdevelopedinvolvesadiscrepancybetweenthebucket

andoceanmeasurements.We wouldexpectthatall of thechannelswouldgive similar

estimatesfor theskintemperatureaftereachwasindependentlycalibratedusingthebucket

system.Thishasnotbeenthecaseasthereareseveralsignificantandpersistent
differencesbetweenthemeasurements.Thedifferencescanbetracedbackto thefact that

thepolarizedmeasurementsof theoceanandthebucketdiffer muchmorethantheydo for

thenonpolarizedmeasurements.Thebucketcalibrationsystemassumesthatthechangesin
themeasurementsbetweentheoceanandbucketviewsareconsistent(butnotconstant)

betweenchannels.Theseresultsindicatethattheremaybesomefundamentaldifference

betweenwhattheradiometerisseeingin thebucketandin theocean.For themostaccurate
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calibration,thisdifferencemustberesolved.Thissameproblemmayexistin earliersingle

channelmeasurements,but therewouldbenowayof detectingit.
All of theskinmeasurementshavebeenaveragedintoone-minutevaluesto be

consistentwith measurementsof thebulk SSTandmeteorologicalquantitiestakenbythe

shipaswell asmeasurementsof downwellingsolarandlongwaveradiationthatwe took

usingEppleyradiometers.A file containingall of this informationhasbeencreatedand

usedin somepreliminaryanalysesto bedescribedbelow. Thefinal versionof this file will

dependonwhat isdeterminedconcerningthebucketcalibrationissue.

Onefinal datasetwill becollectedthisMayandJunein theSouthAtlanticfrom the

F/SMeteor. Wewill againbeusingtheOphirMISTRCto measureskin temperaturesowe
shouldhavemoredatato addresstheissuesdescribedabove.Othermeasurementswill

includedownwellingsolarandlongwaveradiationfromEppleyradiometersandbulk

temperaturemeasurementsatadepthof 10cm takenfrom afloat whentheshipis on

station.All of the instrumentationwaspreparedlastmonthandis currentlybeingshipped

to meettheship. Combinedwith theotherdatasetsdescribedabove,wewill havea fairly

comprehensivedatasetfor theanalysisof skinSSTandthebulk-skintemperature
difference.

Analysis of Skin SST

Using data from the 1984 Meteor cruise and preliminary data from the Vickers, we

have performed some studies of the bulk-skin temperature difference and its relationship to

heat flux. Two of the primary goals of this research have been to improve our physical

understanding of what governs the bulk-skin temperature difference and to develop a more

piaysical approach for predicting its value. We have attempted to use a primitive equation

based mixed layer model to predict the near-surface temperature profile thinking that this

would be an improvement over many of the simple parameterizations that have been

presented.

This year, several modifications were added to the mixed layer model to improve its

performance relative to coarser resolution bulk measurements. We have incorporated these

changes into our skin model and have been able to run the model successfully (with

reasonable turbulence characteristics) at the resolution necessary to study the skin. Some

work is still needed to improve the model's performance at low wind speeds and much

more verification is needed, but the model continues to show promise as a useful tool.
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To resolvetheskinandensureproperturbulencebehavior,wehavehadto run the

modelwith averticalresolutionof 0.5mmandatemporalresolutionof 0.1s. At this

resolution, however, the model requires too much computational time to be applied on a

large scale. To apply the model in a practical sense requires a different approach. We have

coupled a parameterization of the skin layer to the top of a lower-resolution mixed layer

model. While this solution may not be as physically attractive, it offers a compromise

between the full model and a single parameterization.

One of the biggest limitations of the parameterizations (aside from the limited

physics) is their application to AT measurements taken relative to varying depths. While

the parameterization might accurately reflect the temperature drop across the skin layer,

there can also be a significant temperature change between the base of the skin layer and the

depth of the bulk measurement, especially during the daytime. The approach we have

developed is to use the parameterization to predict only the temperature drop across the skin

and then the model to predict the profile from the base of the skin layer to a depth of 50 m.

This eliminates the need for the high resolution model and simplifies what must be modeled

with the parameterization.

The choice of the skin-layer parameterization becomes critical in this approach. We

investigated several different approaches presented in the literature and developed a slightly

modified version of our own. Our approach is based on the idea of surface renewal. We

assume that the heat transfer through the skin layer occurs by molecular conduction and

then relate the thickness of the skin to the time scale of the surface renewal. By taking this

time scale as the Kolmogorov microscale, we were able to obtain improved correlation

between predicted and measured nighttime ATs over the published parameterizations of

Saunders (1967), Liu et al. (1979) and Schluessel et al. (1990). Our comparisons were

limited to nighttime to prevent diurnal warming from affecting the parameterization.

We coupled this parameterization to the lower-resolution mixed layer model and

tested the combination on periods from both the Vickers and 1984 Meteor cruises. The

results from application to the Vickers data are shown in Figure 2. The solid line indicates

the observed value of AT relative to a depth of 4 m, the dashed line is the value computed

using only the parameterization, and the dotted line is the solution from the coupled model

and parameterization. The time was recorded in GMT so the left side of the plot represents

the nighttime while the right side corresponds to daytime. During the night when there is

little temperature change immediately below the skin layer, the parameterization does a very

good job of predicting AT. During the day when there is warming of the upper layer, the

parameterization alone cannot predict AT, but by adding the mixed layer model we are still



ableto predicttheapproximatemagnitudeof AT. These results were presented at the 1994

Ocean Sciences Meeting in San Diego.

In the coming year we plan to proceed further with this work. We will work more

with the full skin-resolving model to see if it can help us select the skin parameterization.

We will also work with the pararneterizations to find the most physically sound method for

determining AT. All of the analyses performed on the Vickers data will be repeated with

the Baldrige data. Any resulting modifications wilt be tested under a wide range of

conditions to ensure that our approach is robust and reliable. The parameterizations all

demonstrate the connection between AT and the air-sea heat flux and wind speed. We will

begin to apply our work to remote determination of the net heat flux.

Mapping SST for TOGA COARE

A second part of this project involved the mapping of satellite SST for TOGA

COARE. From October 1992 through March 1993 we collected AVHRR data from sites in

Townsville, Australia and Kwajelein and produced SST maps from the NOAA-11 data as

soon as possible. These maps were all made available via anonymous ftp here at the

University of Colorado. In the past year we have finished processing all of the remaining

NOAA-12 data that we collected.

These initial SST maps were produced using the NOAA operational MCSST and

CPSST algorithms. We compared the SST values with available drifting buoy data from

the region and found consistent offsets on the order of a degree. To make improved SST

maps for the TOGA COARE researchers, we are producing a satellite skin SST algorithm

specifically for this region. We have performed atmospheric simulations using skin

temperature and radiosonde data collected during TOGA COARE and CEPEX and used the

results to generate algorithms for both NOAA-11 and NOAA-12. Comparisons between

the satellite products and in situ skin temperature measurements showed that the

simulations for NOAA-12 were more reliable. As a result, the NOAA-I 1 algorithms were

modified to produce values consistent with the NOAA-12 measurements. Direct generation

of algorithms from the in situ data is not possible because of the small number of skin

temperature measurements. We hope to finalize our algorithms after receiving some of the

other aircraft and ship-based radiometric measurements taken during TOGA COARE.

,When the algorithms are finalized, we will redo all of the SST maps and make them

available to any interested researcher. We have delayed any analysis of the satellite SST

data until the new maps can be created.
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We arealsocollectinghistoricaldatabetween1990and1992from thesitein

Townsville. We havebegunprocessingthisdataandplanto makeSSTmapsfor theentire

3-yearperiod. Thegoalis to createa3-yearclimatologyof theregionwith whichwecan

comparethemeasurementsfromTOGA COARE. Thisworkwill continuein thefollowing

yearaswe finalizeouralgorithmsandreceivetheremainderof thedata.
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Figure 1: One day time series of bulk and skin SST measurements taken aboard the R/V
Malcolm Baldrige in 1990. Bulk temperatures are shown with the dotted line, skin
temperatures with the solid line.
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Figure 2: Comparison of observed and predicted values for the bulk-skin temperature
difference. Observations from the R/V Vickers in 1993 are shown with the solid line. The

value predicted with only a skin layer parameterization is shown with the dashed line. The
dotted line shows the value predicted when the parameterization was coupled with a mixed

layer model.


